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system, and the fourth communication unit controls receiving
operation according to information included in the control
signal.
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1
WIRELESS COMMUNICATION SYSTEM AND
WIRELESS COMMUNICATION DEVICE

TECHNICAL FIELD

The present invention relates to a wireless communication
system including a portable terminal and a plurality of base
stations that conducts a wireless communication with the
terminal, and relates to a wireless communication device.

BACKGROUND ART

Especially in Europe, there are local-area wireless commu-
nication systems including a plurality of base stations and a
main device in conformity to DECT (digital enhanced cord-
less telecommunications) standard. The DECT standard
employs TDMA-TDD (time division multiple access-time
division duplex), and as one configuration thereof, a configu-
ration that substantially periodically conducts calls and com-
munications with one cycle having 12 slots in total of 6
transmission slots and 6 reception slots. When a communica-
tion system of the DECT standard is used for telephone calls,
a high sound quality can be expected, and a reduction in the
costs of the base stations and the terminal can be also
expected.

On the other hand, wireless communication systems with
an access point that communicates through a wireless LAN
(hereinafter referred WiFi) using a communication standard
of IEEE 802.11 series is also one of widespread communica-
tion systems, which are unfit for the telephone communica-
tion but suitable for a fast communication intended for per-
sonal computers. Also, in the WiFi (802.11), if the terminal is
always operated in a reception mode, a communication from
the base stations reaches the terminal substantially in real
time. However, if the terminal is operated in a sleep mode, the
base station repeats temporal activation at timing of beacon
periodically transmitted by the base station. When TIM (traf-
fic indication map) information is included in the beacon
transmitted by the base station, the terminal that has tempo-
rarily been activated finds whether the base station holds a
data frame addressed to the subject base station, or not. Also,
when DTIM information is included in a beacon transmitted
by the base station, the terminal finds that the base station
holds a data frame for broadcast or multicast.

The base station that conducts a WiFi communication
broadcasts the beacon including TIM at respective beacon
intervals. For example, a certain terminal (terminal A) is
activated for receiving the TIM at every two intervals. On the
other hand, the other terminal (terminal B) is activated for
receiving the TIM at every three intervals. Accordingly, in the
case of the second beacon, only the terminal A is activated for
receiving the TIM.

When data frames for allowing the base station to broad-
cast the data frames addressed to the respective terminals are
buffered, not the TIM but DTIM is included in the beacon
transmitted by the base station, which is indicative of the
presence of data addressed to the terminal. For example, the
terminal A that has received the second beacon and the DTIM
finds that data present in the base station is data for broadcast.
Therefore, when the terminal A finds that the frame is buff-
ered by the base station, the terminal A issues PS-Poll to the
base station, and the data frame is transmitted from the base
station to the terminal A in response to the PS-Poll. After
completion of this communication, the terminal A returns to
the sleep mode. During the above operation, the terminal B is
kept in the sleep mode. In the case of the third beacon, the
terminal A remains slept, the terminal B is activated for
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receiving the beacon, and the terminal B receives the beacon
transmitted by the base station. If the DTIM information is
included in the beacon received by the terminal B, the termi-
nal B issues PS-Poll to the base station, and the data frame is
transmitted from the base station to the terminal B. In the case
of'the fourth beacon, the terminal A is activated for receiving
the beacon.

CITATION LIST
Patent Literature

Patent Literature 1 JP-A-2005-167898
Patent Literature 2: JP-A-2008-263335
Patent Literature 3: JP-A-9-162798

SUMMARY OF INVENTION
Technical Problem

However, in the system that conducts the WiFi communi-
cation described above, if a plurality of terminals is present,
timing when the terminals communicate with the base station
can collide with each other, and reception timing cannot be
matched. In this case, a certain terminal waits for transmis-
sion of the data frame from the base station to the certain
terminal for a long time even after buffering has been termi-
nated.

In order to avoid the above collision, each of the terminals
sets reception timing for a long time, and the PS-Poll may be
issued for only the beacon to which the other terminals do not
react. As a result, a time during which a receiving unit is
activated becomes long, and a power saving efficiency is
deteriorated.

Also, in the system having a plurality of base stations using
WiFi (802.11), there is no function of allowing the respective
base stations operate in synchronization with each other, and
the adjacent base stations output signals so as to avoid colli-
sion with each other. Even if there arises no problem imme-
diately after the base stations are installed, it is possible that
transmission timing is shifted with an elapsed time, and the
transmission timing of the adjacent base stations collide with
each other. In order to prevent the collision, a high-precision
clock is required as a base of the clock generation of the
respective base stations.

The present invention has been made in view of the above
circumstances, and an object is to provide a wireless commu-
nication system and a wireless communication device, in
which each terminal can precisely predict a transmission
timing of a WiFi beacon issued by each base station, can
reduce receiving operation to a minimum time, and can
reduce a power consumption.

Solution to Problem

According to the present invention, a DECT communica-
tion unit and a WiFi communication unit are both provided in
each base station, one of a plurality of base stations is con-
figured as a master base station, a timing of the DECT com-
munication of each base station is synchronized with each
other according to a control signal issued by a DECT com-
munication unit in the master base station, and each base
station corrects a timer which is a base of clock generation in
the WiFi communication unit according to a control signal of
the DECT.

With the above configuration, a beacon transmission tim-
ing of the WiFi communication unit in each base station is
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controlled according to a control signal issued by the DECT
communication unit of the master base station. This prevents
the WiFi transmission timing of each base station from col-
liding with each other by shifting the transmission timing
with an elapsed time. Each terminal can precisely grasp the
transmission timing of the WiFi beacon by information
included in the control signal of the DECT from the base
station. Each terminal can be activated at timing when the
terminal can receive the WiFi beacon from the base station.
As a result, useless receiving operation is not conducted.

Advantageous Effects of Invention

According to the wireless communication system of the
present invention, each terminal can precisely predict the
transmission timing of the WiFi beacon issued by each base
station, can reduce the receiving operation to a minimum time
as required, and can reduce the power consumption.

BRIEF DESCRIPTION OF DRAWINGS

InFIG. 1, (a) and (b) are block diagrams of a wireless base
station and a wireless terminal in a wireless communication
system according to an embodiment of the present invention.

FIG. 2 is a diagram illustrating a wireless communication
system according to the embodiment of the present invention.

FIG. 3 is an illustrative view illustrating cooperating opera-
tion of a plurality of base stations in the wireless communi-
cation system.

FIG. 4 is a timing chart illustrating a condition in which a
master base station and a slave base station synchronize with
each other in the wireless communication system.

FIG. 5 is a timing chart illustrating a timing when the
terminal that communicates with the base station receives a
DECT control signal and a WiFi signal from the base station
in the wireless communication system.

FIG. 6 is an illustrative view illustrating a condition in
which the base station corrects a timer of a WiFi communi-
cation unit by cyclic interrupt in the wireless communication
system.

In FIG. 7, (a) and (b) are flowcharts illustrating a timer
processing procedure of a DECT communication unit in the
base station in the wireless communication system.

FIG. 8 is a flowchart illustrating a timer conversion proce-
dure of the WiFi communication unit in the base station of the
wireless communication system.

InFIG. 9, (a) and (B) are flowcharts illustrating processing
when the WiFi communication is activated in the terminal of
the wireless communication system.

FIG. 10 is a flowchart illustrating a communication pro-
cessing procedure of the WiFi communication unit in the
terminal of the wireless communication system.

In FIG. 11, (a) and (B) are flowcharts illustrating a self-
survey processing procedure that is conducted by the base
station in the wireless communication system.

FIG. 12 is a flowchart illustrating a self-survey processing
procedure that is conducted by the WiFi communication unit
in the base station of the wireless communication system.

FIG. 13 is a timing chart illustrating an example in which
the WiFi communication unit is activated at timing when
DTIM information is transmitted in the terminal of the wire-
less communication system.

FIG. 14 is a diagram illustrating an example of transmis-
sion timing of each signal in the wireless communication
system.

DESCRIPTION OF EMBODIMENTS

In order to solve the above problems, according to the
present invention, there is provided a wireless communica-
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tion system that conducts a communication between a base
station and a terminal, in which the base station includes a
first communication unit using a first communication system
of'a TDMA system, and a second communication unit using
a second communication system, the terminal includes a third
communication unit using the first communication system of
the TDMA system, and a fourth communication unit using
the second communication system, the base station transmits
a control signal in the first communication system with the
use of the first communication unit, and determines timing of
transmission by the second communication unit according to
timing of TDMA of the first communication unit, the third
communication unit of the terminal receives the control sig-
nal transmitted from the base station in the first communica-
tion system, and the fourth communication unit controls
receiving operation according to information included in the
control signal transmitted in the first communication system.

Also, in a system in which a plurality of base stations
functions in cooperation with each other, a base station set as
a master in a plurality of base stations transmits a control
signal in a first communication system, base stations that are
slaves conduct a communication of the first communication
system in synchronization with the control signal, each of the
base stations transmits a control signal of the first communi-
cation system with the first communication unit, and deter-
mines timing of transmission by the second communication
unit according to timing of TDMA of the first communication
unit, the third communication unit of the terminal receives the
control signal transmitted from the base station in the first
communication system, and the fourth communication unit
controls receiving operation according to information
included in the control signal transmitted in the first commu-
nication system.

Also, in the wireless communication system according to
the present invention, in addition to the above-mentioned
configuration, the first communication unit of the base station
detects a channel having a possibility of an interference
according to an electric field intensity of a signal received
from other surrounding base stations, and notifies the second
communication unit of information indicative of the channel,
and the second communication unit prevents the notified
channel from being used as a use prohibition channel under a
control.

Also, in the wireless communication system according to
the present invention, in addition to the above-mentioned
configuration, the second communication system is set as a
WiFi communication system, and the fourth communication
unit of the terminal is activated at a beacon timing of a wire-
less LAN transmitted by the base station.

First Embodiment

FIG. 2 is adiagram illustrating a configuration of'a wireless
communication system according to an embodiment of the
present invention. In FIG. 1, (a) and (b) are block diagrams of
a wireless base station and a wireless terminal in the wireless
communication system. Referring to FIG. 2, reference
numeral 1 denotes a router for configuring a LAN connection,
reference numeral 2 is an extension telephone to which the
LAN connection is enabled, reference numeral 3q and 36 are
wireless base stations (base stations), and reference numeral
4a, 4b, and 4¢ are wireless terminals (terminals). The router 1
includes a WAN connection port for connection to a WAN
side of an external, and a LAN connection port that connects
the respective terminal devices on a LAN (local area network)
side. The router 1 manages routing of mutual signal packets of
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the extension telephone 2 and the respective base stations
(base stations 3a, 3b, etc.), and local IP addresses.

The wireless base stations 3 (3a, 35, etc.) includes a DECT
communication unit that conducts a communication by a
DECT system, and a WiFi communication unit that conducts
a communication by a WiFi system. The wireless terminals 4
(4a, 4b, 4c, etc.) also each include a DECT communication
unit that conducts a communication by the DECT system, and
a WiFi communication unit that conducts a communication
by the WiFi system.

Subsequently, a configuration of the base stations 3 will be
described. FIGS. 1(a) and 1(b) illustrate configurations of the
wireless base stations 3 (hereinafter referred to as “base sta-
tions 3”), and the wireless terminals 4 (hereinafter referred to
as “terminals 4”), which are constituent elements of the wire-
less communication system according to the embodiment of
the present invention. Referring to FIG. 1(a), each of the base
stations 3 includes both of the wireless communication sys-
tem using the DECT system, and an access point function that
conducts a communication through a WiFi (802.11).

Referring to FIG. 1(a), reference numeral 31 denotes a
DECT communication unit that conducts a communication
by the DECT system, and reference numeral 32 is a WiFi
communication unit that conducts a communication by the
WiFi system. Reference numeral 33 denotes a wireless com-
munication circuit (DECT-RF) for DECT communication,
and reference numeral 34 is a wireless communication circuit
(WiFi-RF) for WiFi communication. Reference numeral 35
denotes a base station host unit (merely called “host unit” in
FIG. 1(a)) that assigns data to be communicated to a commu-
nication channel of the DECT system, and a communication
channel of the WiFi system, and also controls transmission
and reception timing of those communication channels. The
base station host unit 35 of the wireless base stations 3 deliv-
ers, if a signal of a sound channel transmitted from the other
base stations 3 or the extension telephone through a wired
LAN is addressed to the terminal 4, the signal to the DECT
communication unit 31, and transmits a signal of the sound
channel transmitted through the DECT communication unit
31 to the other base stations 3 or the extension telephone
through the wired LAN. Also, the base station host unit 35 of
the base stations 3 delivers, if a signal of a data channel
transmitted from the other base stations 3 or the extension
telephone through the wired LAN is addressed to the terminal
4, the signal to the WiFi communication unit 32, and transmits
a signal of the data channel transmitted through the WiFi
communication unit 32 to the other base stations 3 or the
extension telephone through the wired LAN. In the wireless
communication system according to this embodiment, the
plurality of base stations 3 is installed on a wall or a hallway
of an office, and those base stations 3 communicate directly
with the respective terminals 4 by the DECT system and the
Win system.

The DECT scheduled to be used in Japan employs a
TDMA/TDD system including 24 slots (12 uplink slots and
12 downlink slots) in one frame of a 10 ms cycle, using the
frequency band of 1893.5 MHz to 1906.1 MHz. Also, the
DECT includes at least one control channel slot, and the
control channel and call channels are transmitted and
received in a frame cycle of 10 ms. Also, the respective
frequencies and slot positions are arbitrary, and five frequen-
cies are prospected to be assigned as the frequency.

As illustrated in FIG. 3, at least one of the plurality of base
stations 3 is set as a master base station 3a. When the master
base station 3a set as the master is powered on, it is deter-
mined whether the base stations 35 and 3c¢ set as slaves are
connected to the wired LAN under the router 1 connected to
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the master base station 3a, or not if the master base station 3a
determines that the slave base stations 35 and 3¢ are con-
nected to the same wired LAN, a model code (model code
indicative of the DECT system) of the master base station 3a
per se is transmitted to local IP addresses of the respective
slave base stations 35 and 3¢. Also, the master base station 3a
requests the respective slave base stations 35 and 3¢ to trans-
mit the local IP addresses and the model codes. When those
information is transmitted from the respective slave base
stations 35 and 3¢ to the master base station 3a, the master
base station 3a registers the respective model codes (model
codes indicative of the DECT system) in association with the
local IP addresses of the respective slave base stations 36 and
3c¢in an internal memory. Also, when the local IP address and
the model code of the master base station 3a are transmitted
from the master base station 3a to the slave base stations 35
and 3¢, the respective slave base stations 36 and 3¢ registers
those information in an internal memory.

The master base station 3¢ is a standard for timing syn-
chronization of TDMA/TDD used by the respective other
base stations 3 in a communication of the DECT system. The
respective slave base stations 35 and 3c¢ receive a control
signal transmitted by the master base station 3a, and deter-
mine transmission and reception timing of their TDMA/TDD
according to that timing.

Also, the wireless communication system using the DECT
communication has a neighbor installation function. The
neighbor installation function has a function that the indi-
vidual base stations 3 each detect the presence of the other
surrounding base stations 3, measure a wireless distance to
each of the base stations 3 according to an electric field
intensity of a signal received from the base station 3, and the
respective base stations 3 each grasp an installation status and
an operation status of the adjacent base station 3 on the basis
of'those information. In this embodiment, there is provided a
function (self-survey) that the respective base stations 3 share
a state of the channel used for the WiFi communication with
the use of the neighbor installation function, and avoid the use
of the channel having the possibility of an interference. This
function will be described in detail later.

FIG. 4 is a system synchronization timing chart illustrating
a condition for synchronizing the master base station 3a with
the respective other slave base stations 36 and 3c. FIG. 4
illustrates a DECT control signal transmission timing of the
master base station 3a, a WiFi beacon transmission timing of
the master base station 3a, a DECT control signal reception
timing of the slave base station 35, a WiFi beacon transmis-
sion timing of the slave base station 35, a DECT control signal
reception timing of the slave base station 3¢, and a WiFi
beacon transmission timing of the slave base station 3¢ in
order from above.

In the DECT, one slot is assigned to the control channel in
one frame of a 10 ms cycle, and as illustrated in FIG. 4, a
DECT communication unit 31 of the master base station 3a
transmits a DECT control signal in the 10 ms cycle. The
transmission and reception timing used in the WiFi commu-
nication by the respective base stations 3 is set to transmit a
WiFi beacon at beacon intervals which are an integral mul-
tiple of one frame cycle (10 ms) of the DECT. A time differ-
ence between the WiFi beacon and the latest DECT control
signal is set to a value different for each of the base stations 3.
In an example of FIG. 4, the master base station 3a transmits
the WiFi beacon at a time position advanced by a time differ-
ence ATO from the DECT control signal transmission. The
time difference between the WiFi beacon of the respective
other base stations 3 and the latest DECT control signal is
determined by the master base station 3a, and transmitted
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from the master base station 3a to the respective other base
stations 3 through the wired LAN. In the example of FIG. 4,
a time difference for determining the beacon transmission
timing used in the WiFi communication of the slave base
station 35 is AT1, and a time difference for determining the
beacon transmission timing used in the Win communication
of the slave base station 3¢ is AT2. Those time differences
ATO0, AT1, and AT2 are changed for each of the base stations
3 so that the beacon transmission timings of the respective
base stations 3 do not overlap with each other.

The DECT communication units 31 of the slave base sta-
tion 35 and the slave base station 3¢ each always receive the
DECT control signal issued by the master base station 3a. At
a certain time, when it is detected that the DECT control
signal reception timing of the slave base station 35 is some-
what delayed with respect to the DECT control signal timing
issued by the master base station 3a, the DECT communica-
tion unit 31 of the slave base station 35 conducts a correction
that the delayed timing difference is subtracted from the
self-timer so that the subsequent reception timing matches the
DECT control signal timing. Also, at a certain time, when it is
detected that the DECT control signal reception timing of the
slave base station 3¢ is somewhat advanced with respect to the
DECT control signal timing issued by the master base station
3a,the DECT communication unit 31 of the slave base station
354 conducts a correction that the advanced timing difference
is added to the self-timer so that the subsequent reception
timing matches the DECT control signal timing.

Thus, a difference between the beacon transmission timing
used in the WiFi communication by the respective slave base
station 3¢ and the reception timing of the DECT control signal
is fixed under the control of the master base station 3a (time
difference of the master base station 3a: AT0, time difference
of the slave base station 35: AT1, time difference of the slave
base station 3c¢: AT2). Further, the reception timing of the
DECT control signal of the respective base stations 3 is syn-
chronized with the master base station 3a. Therefore, the
beacon transmission timing of the wireless LAN of the
respective slave base stations 35 and 3¢ is always controlled at
timing of the master base station 3a.

As described above, the DECT communication unit 31 of
the master base station 3a in the base stations 3 transmits the
DECT control signal with the use of the wireless frame syn-
chronizing signal created according to the self-timer. As
described above, the DECT communication unit 31 of the
slave base stations 36 and 3¢ transmit the DECT control
signal with the use of the wireless frame synchronizing signal
that has been corrected on the basis of the signal from the
master base station 3a using the function of the air synchro-
nization of the DECT. Further, the respective base stations 3
corrects a WiFi timer on the basis of the timing of the DECT
to realize synchronization of the respective base stations 3
even in the WiFi communication. As a result, even if the clock
of the WiFi communication unit 32 somewhat surges, the
respective base stations 3 transmit the beacon synchronized at
aprecise timing obtained by DECT wireless synchronization,
and the terminal (PS) 4 can receive the beacon of the WiFi
without conducting useless receiving operation. A communi-
cation between the base stations 3 and the terminals 4 will be
described in detail later.

Subsequently, a configuration of the terminals 4 will be
described. Referring to FIG. 1(5), the wireless terminal (here-
inafter referred to as “terminal”) 4 which is a constituent
element of the wireless communication system according to
the embodiment of the present invention has both communi-
cation functions of the DECT system and the WiFi system as
with the base stations 3. Reference numeral 41 denotes a
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DECT communication unit that conducts a communication
by the DECT system, and reference numeral 42 is a WiFi
communication unit that conducts a communication by the
WiFi system. Reference numeral 43 is a wireless communi-
cation circuit (DECT-RF) for the DECT communication, and
reference numeral 44 is a wireless communication circuit
(WiFi-RF) for the WiFi communication. Reference numeral
45 denotes a terminal host unit (merely called “host unit” in
FIG. 1(4)) that controls a communication channel of the
DECT system, a communication control of the WiF1i system,
and the transmission and reception timing.

The DECT communication unit 31 conducts encoding for
error detection, simple privacy processing, and scramble pro-
cessing for a transmission wireless channel, and error detec-
tion, syncword, detection, descramble processing, and detec-
tion of a wireless frame timing of the received signal for the
received wireless channel.

Subsequently, a communication of the DECT system
between the terminals 4 and the base stations 3 will be
described. FIG. 5 illustrates timing when each of the termi-
nals 4 that communicates with the base station 3 receives the
DECT control signal and the WiFi signal from the base station
3. FIG. 5 illustrates transmission timing of the DECT control
signal of the base station 3 (3a, 35, 3¢), WiFi beacon trans-
mission timing of the base station 3, and timing at which the
base station 3 receives the WiFi signal from the terminal in
order from above. Also, a lower portion of FIG. 5 illustrates
timing at which the terminal 4 (4a, 45) receives the DECT
control signal from the base station 3, timing at which the
terminal 4 receives the WiFi signal from the base station 3,
and timing at which the terminal 4 transmits the WiFi signal
to the base station 3.

As described above, the timing at which the base stations 3
transmits the WiFi beacon is synchronized with the DECT
control signal, and in an example of FIG. 5, the base station 3
transmits the WiFi beacon (DTIM, TIM) at a time position
advanced by a time difference AT0 from the DECT control
signal transmission. When the WiFi communication unit 32
holds data scheduled to be transmitted to the terminal 4 within
a buffer, the WiFi communication unit 32 transmits a notifi-
cation indicating that the data addressed to the terminal 4 is
held within the buffer, and ID information indicative of the
destination terminal 4 together with the DTIM information in
the WiFi beacon.

In order to avoid the collision and suppress the power
consumption, the WiFi communication unit 42 ofthe terminal
4 dozes in a period when a communication is unnecessary.
The WiFi communication unit 42 is activated according to an
instruction from the host unit 45, and conducts the operation
of receiving the WiF1i signal. When the WiFi communication
unit 42 of'the terminal 4 is activated, the WiFi communication
unit 42 receives the WiFi beacon transmitted from the WiFi
communication unit 32 of the base station 3. The terminal 4
receives the WiFi beacon, and discriminates whether data
scheduled to be transmitted to the subject terminal 4 is present
in the base station 3, or not, if the TIM information is present.
If it is determined that data addressed to the subject terminal
4 is not present in the base station 3 (or buffering for trans-
mission preparation has not been completed), transmission of
PS-Poll is not conducted.

Thereafter, when the terminal 4 that has received the WiFi
beacon determines from the DTIM information in the WiFi
beacon that data for broadcast is present in the base station 3,
and buffering for transmission preparation has been com-
pleted, the terminal 4 transmits PS-Poll to the base station 3.
When receiving PS-Poll from the terminal 4, the WiFi com-
munication unit 32 of the base station 3 extracts the data
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scheduled to be transmitted to the terminal 4 to which the
PS-Poll is transmitted from the buffer, and transmits data to
the terminal 4. The terminal 4 that has transmitted PS-Poll
receives data addressed to the subject terminal 4 transmitted
from the base station 3. Also, if there is data addressed to the
other terminal 4 from the subject terminal 4, or data scheduled
to be transmitted through an external network, the terminal 4
transmits the data to the base station 3. Upon completion of
transmitting and receiving the data, the base station 3 trans-
mits an ACK signal meaning that data received has been
completed to the terminal 4, and the subject terminal 4
receives the ACK signal, and then suspends the operation of
the WiFi communication unit 42, and returns to a doze state.

Subsequently, a description will be given of the operation
for allowing the base station 3 to activate the WiFi commu-
nication unit 42 of a target terminal when there is data sched-
uled to be transmitted from the base station 3 to the terminal
4. In the base station 3, when the WiFi communication unit 32
thereof holds the data scheduled to be transmitted to the
terminal 4 in the buffer, the base station host unit 35 of the
base station 3 transmits this fact to the DECT communication
unit 31. According to an instruction from the base station host
unit 35, the DECT communication unit 31 transmits a notifi-
cation indicating that the data addressed to the terminal 4 is
held within the buffer, ID information indicative of the des-
tination terminal 4, and information on a time AT1 to the
DTIM, together with the DECT control signal (control signal
A illustrated in FIG. 5) to be transmitted.

As illustrated in FIG. 5, the terminal host unit 45 of the
terminal 4 activates the WiFi communication unit 42 of the
terminal 4 (WiF1i activation B illustrated in FIG. 5) immedi-
ately when the terminal host unit 45 knows that information
indicating that data addressed to the subject terminal 4 is held
within the buffer of the base station 3 is present in the DECT
control signal (control signal A). As a result, the WiFi com-
munication unit 42 of the terminal 4 that has dozed up to then
is activated according to the instruction from the terminal host
unit 45, and starts the receiving operation. Thereafter, as in the
above description, the terminal 4 receives the WiFi beacon,
and transmits PS-Poll to the base station 3. When the base
station 3 receives the PS-Poll from the terminal 4, the base
station 3 extracts the data scheduled to be transmitted to the
terminal 4 from the buffer, and transmits the data to the
terminal 4. The terminal 4 that has transmitted the PS-Poll
receives the data addressed to the subject terminal 4 which is
transmitted from the base station 3. Also, if there is data
addressed to the other terminal 4 from the subject terminal 4,
or data scheduled to be transmitted through the external net-
work, the terminal 4 transmits the data to the base station 3.
Upon completion of transmitting and receiving the data, the
base station 3 transmits an ACK signal meaning that data
received has been completed to the terminal 4, and the subject
terminal 4 receives the ACK signal, and then suspends the
operation of the WiFi communication unit 42, and returns to
a doze state.

If the received WiFi beacon is indicative of the TIM infor-
mation, the WiFi communication unit 42 of the terminal 4
does not transmit the PS-Poll, but if the received WiFi beacon
is indicative of the DTIM information, the WiFi communica-
tion unit 42 transmits the PS-Poll to the base station 3, and the
transmission and reception of data start.

In order to avoid collision, when the terminal 4 detects the
PS-Poll transmitted by the other terminal 4 before the subject
terminal 4 transmits the PS-Poll, the subject terminal 4 ceases
the transmission of the PS-Poll thereof. In this case, the sub-
ject terminal 4 transmits the PS-Poll once more immediately
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after having subsequently received the DTIM information in
the WiFi beacon, and thereafter receives data transmitted
from the base station 3.

Hereinafter, a description will be given of correction of a
WiFi timer in the system according to the embodiment of the
present invention. As illustrated in FIG. 6, the base station
host unit 35 of the base station 3 conducts the interrupt of the
timer correction on the WiFi communication unit 32 in a 10
ms cycle in which the DECT communication unit 31 of the
base station 3 transmits the DECT communication signal.
Once in 10 ms, the base station host unit 35 notifies the WiFi
communication unit 32 of a correction value generated on the
basis of a timer 31a of the DECT communication unit 31, and
overwrites the correction value on a value of the WiFi timer to
correct the WiFi timer.

FIGS. 7(a) and 7(b) illustrate a timer processing procedure
ofthe DECT communication unit 31 in the slave base stations
34 and 3¢, and a DECT-WiFi timer converting procedure of
the base station host unit 35. In the timer processing of the
DECT communication unit 31 illustrated in FIG. 7(a), when
the slave base stations 35 and 3¢ that conduct the operation of
detecting the control signal from the master base station 3a
receive the control signal from the master base station 3a (yes
in Step 1), the slave base stations 356 and 3¢ correct the
transmission and reception timing of the DECT communica-
tion thereof according to the timer signal written in the control
signal from the master base station 3a (Step 2). Then, the
DECT communication unit 31 of the slave base stations 35
and 3¢ notifies the base station host unit 35 of the tinier signal
acquired from the master base station 3a (Step S3).

FIG. 7(b) illustrates a timer converting procedure of the
base station host unit 35 in the slave base stations 35 and 3c.
When the timer signal is notified from the DECT communi-
cationunit 31 (yes in Step 4), each base station host unit 35 of
the slave base stations 36 and 3¢ calculates a difference from
a value of the DECT timer previously notified (Step 5), and
converts the obtained difference value into a difference value
for correcting the WiFi counter (Step 6). Then, each base
station host unit 35 of the slave base stations 35 and 3¢ then
adds the difference value obtained by the DECT timer value
acquired at the present time to the previous WiF1i tinier value
(Step 7). Further, each base station host unit 35 of the slave
base stations 35 and 3¢ adds a time necessary for the commu-
nication and the arithmetic processing to the above addition
value (Step 8), and notifies the WiFi communication unit 32
of the addition value as a value of the WiFi timer (Step 9).

FIG. 8 illustrates the timer converting procedure of the
WiFi communication unit 32. Referring to FIG. 8, when the
Win communication unit 32 is notified, of the value of the
WiFi timer from the base station host unit 35 (yes in Step 10),
the WiFi communication unit 32 overwrites the notified value
of the timer on the value of a tinier 32a (Step 11). Subse-
quently, the slave base stations 35 and 3¢ determine the timing
of transmitting and receiving the WiFi communication
according to a value of the WiFi timer that has been corrected
according to the timer signal from the master base station 3a.

FIGS. 9(a) and 9(b) illustrate processing when activating
the WiFi communication in the terminal 4. First, in processing
when the DECT communication unit 41 of the terminal 4
illustrated in FIG. 9(a) receives the signal from the base
station (CS) 3, when the DECT communication unit 41
receives the control signal from the base station 3 (yes in Step
12), the DECT communication unit 41 corrects the transmis-
sion and reception timing of the DECT communication
thereof according to the timer signal written in the control
signal from the base station 3 (Step 13).
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Then, the terminal 4 discriminates whether data transmis-
sion prepared by WiFi is present, or not, according to the
control signal from the base station 3. If it is found that the
data transmission prepared by using the WiF1i is present in the
base station 3 (yes in Step 14), the DECT communication unit
41 of the terminal 4 acquires DECT-WiF1i transmission time
difference information indicative of a transmission time dif-
ference between the DECT control signal and the WiFi bea-
con from the base station 3 (Step 15). Then, the DECT com-
munication unit 41 instructs the terminal host unit 45 to
activate the WiFi communication unit 42, and notifies the
terminal host unit 45 of the DECT-WiFi transmission time
difference information acquired from the base station 3 (Step
16).

FIG. 9(b) illustrates a procedure when the terminal host
unit 45 allows the WiFi communication unit 42 to activate the
WiFi communication. When the terminal host unit 45
receives an instruction for activating the WiFi communication
unit 42 from the DECT communication unit 41 (yes in Step
17), the terminal host unit 45 checks a state of the WiFi
communication unit 42 at that time. If the WiFi communica-
tion unit 42 is not activated (active) at that time (no in Step
18), the terminal host unit 45 allows the WiFi communication
unit 42 to activate the WiFi communication (Steps 22 and 23),
and the WiFi communication unit 42 is activated. If the WiFi
communication unit 42 has already been activated when the
terminal host unit 45 receives the instruction for activating the
WiFi communication unit 42 (yes in Step 18), in order to
appropriately set the beacon receiving operation timing of the
wireless LAN, the terminal host unit 45 acquires the latest
DECT-WiFi transmission time difference information
acquired from the base station 3 (Step 19). The terminal host
unit 45 converts the obtained time difference information into
a difference value for correcting the WiFi counter (Step 20),
and notifies the WiFi communication unit 42 of that differ-
ence value (Step 21).

FIG. 10 illustrates a communication processing procedure
of the WiFi communication unit 42 in the terminal 4. Refer-
ring to FIG. 10, when the WiFi communication unit 42 of the
terminal 4 receives the difference value notification of the
Win counter from the terminal host unit 45 (yes in Step 24),
the WiFi communication unit 42 adds the latest difference
value received from the terminal host unit 45 to the present
counter value to correct the counter value (Step 25). Then, the
WiFi communication unit 42 sets the latest counter value for
a timer unit 42a of the WiFi communication unit 42 as the
WiFi reception timing (Step 20. Subsequently, the terminal 4
monitors the timer unit 42a of the WiFi communication unit
42, and conducts the operation of receiving the WiFi commu-
nication every time reaching the reception timing.

The WiFi communication unit 42 of the terminal 4 main-
tains the doze state when there is no need of communication.
In a process of monitoring the timer unit 42a of the WiFi
communication unit 42, when reaching the WiFi reception
timing (yes in Step 27), the terminal 4 activates the WiFi
communication unit 42, and renders a receiving unit active
(Step 28). When data such as the WiFi beacon is transmitted
from the base station 3 during the WiFi reception timing (Step
29), the terminal 4 receives the data, and transmits the
received data to the terminal host unit 45. Also, after having
received the data from the base station 3, the terminal 4
renders a transmitting unit of the WiFi communication unit 42
active (Step 30), and transmits the PS-Poll to the base station
3. Thereafter, if there is the data scheduled to be transmitted to
the base station 3, the WiFi communication unit 42 of the
terminal 4 transmits the data to the base station 3. Upon
completion of transmitting and receiving the data with respect
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to the base station 3, the terminal 4 ceases the operation of the
WiFi communication unit 42, and returns to the doze state.

Thus, the plurality of base stations 3 are wirelessly syn-
chronized with each other by the DECT on the basis of the
timing of the master base station 3a, and also corrects the
WiFi tinier for the WiFi communication with the use of the
transmission and reception timing of the DECT synchronous
with the master base station 3a. As a result, the transmission
and reception timing of the WiFi communication conducted
by the plurality of base stations 3 between the respective
terminals 4 can be synchronized (WiFi synchronization)
between the plurality of base stations 3. The respective ter-
minals 4 can control the operation of the WiFi communication
unit 42 at a precise timing obtained by the DECT wireless
synchronization. Accordingly, a duration in which the WiFi
communication unit 42 of the respective terminals 4 is ren-
dered active can be minimized, to suppress the power con-
sumption of the terminal 4.

Subsequently, a description will be given of a, function
(self-survey) that the respective base stations 3 voluntarily
grasp a state of a channel used in the WiFi communication
with the use of the neighbor installation function, and avoid
the user of the channel having a possibility of an interference,
in detail with reference to FIGS. 11(a), 11(b), and 12.

FIG. 11(a) illustrates a procedure of reception processing
of the DECT communication unit 31 in the base station 3.
Referring to FIG. 11(a), the DECT communication unit 31 of
the base station 3 conducts the operation of periodically
receiving the control signal of the DECT transmitted by the
adjacent other base stations 3. When the DECT communica-
tion unit 31 of the base station 3 receives the control signal of
the other base station 3 (yes in Step 33), the DECT commu-
nication unit 31 ofthe base station 3 measures an electric field
intensity of the reception signal at that time, and saves infor-
mation on the obtained electric field intensity (Step S34).
Also, the DECT communication unit 31 of the base station 3
extracts information on the WiFi communication of the same
base station 3 which is embedded in the control signal (yes in
Step 35). The information on the WiFi communication
includes information indicative of a channel of the WiFi bea-
con transmitted by the DECT communication unit 31 of that
base station 3 therein. When the DECT communication unit
31 of the base station 3 acquires the channel information of
the WiFi beacon of the other base station 3 (Step 36), the
DECT communication unit 31 of the base station 3 notifies
the base station host unit 35 of the base station 3 of the
information on the above-mentioned electric field intensity,
and the WiFi beacon channel information (Step 37).

FIG. 11(b) illustrates a self-survey processing procedure
that is conducted by the base station host unit 35 of the base
station 3. Referring to FIG. 11(5), when the base station host
unit 35 of the base station 3 receives the WiFi channel infor-
mation transmitted from the other base station 3 according to
the DECT control signal, and the information on the electric
field intensity notified from the DECT communication unit
31 together with the WiFi channel information (yes in Step
38), the base station host unit 35 of the base station 3 dis-
criminates whether the electric field intensity corresponding
to the Win channel is larger than a predetermined threshold
value, not (Step 39).

If the electric field intensity of the DECT control signal of
the other base station 3 which is notified from the DECT
communication unit 31 is larger than threshold value (yes in
Step 39), the base station host unit 35 of the base station 3 sets
the WiFi channel as a use prohibition channel to prevent the
WiFi channel from being used by the subject base station 3 at
that time (Step 40), and notifies the WiFi communication unit
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32 of the information on the use prohibition channel (Step
41). Also, if the electric field intensity notified from the DECT
communication unit 31 is smaller than the threshold value (no
in Step 39), the base station host unit 35 of the base station 3
considers the WiFi channel to be available at that time, and
saves the information on the channel in a WiFi available
channel list (Step 42).

FIG. 12 illustrates the self-survey processing procedure
that is conducted by the WiFi communication unit 32 of the
base station 3. Referring to FIG. 12, when the WiFi commu-
nication unit 32 of the base station 3 receives the use prohi-
bition channel from the base station host unit 35 (yes in Step
43), the WiFi communication unit 32 of the base station 3
updates a channel list 326 (merely called “channel” in FIG.
12) in the WiFi communication unit 32.

In the self-survey processing that is conducted by the WiFi
communication unit 32 of the base station 3 according to this
embodiment, when the WiFi communication unit 32 of the
base station 3 receives the information on one use prohibition
channel, the DECT communication unit 31 of the base station
3 sets several channels having higher frequencies centering
on the channel notified as the use prohibition, and several
channels having lower frequencies centering on that notified
channel, as use prohibition. Hereinafter, it is assumed that the
number of channels determined as the use prohibition which
are higher or lower in the frequency than the channel notified
as the use prohibition is a threshold value (X) of the use
prohibition channel width. The threshold value (X) of the use
prohibition channel width does not need to be fixed, but may
be changed according to a variety of conditions, and the latest
threshold value (X) is held in the memory of the WiFi com-
munication unit 32.

Hereinafter, a description will be given of a step of check-
ing whether the respective channels in the channel list 325 are
included in the threshold value (X) set as the use prohibition
centering around the channels notified as the use prohibition,
or not. The WiFi communication unit 32 extracts the infor-
mation on the channels set as the use prohibition from the
channel list 326 (Step 44), acquires a channel number (N)
smallest in the channel list (Step 45), and further acquires the
threshold value (X) of the use prohibition channel width (Step
46). Then, in Step 47, the WiFi communication unit 32 checks
whether the extracted channel number (N) is smaller than a
number obtained by adding the threshold value (X) to the
channel number notified as the use prohibition from the base
station host unit 35. If the channel number (N) is smaller than
the number obtained by adding the threshold value (X) to the
channel number notified from the base station host unit 35
(yes in Step 47), the WiFi communication unit 32 checks
whether the extracted channel number (N) is larger than a
number obtained by subtracting the threshold value (X) from
the channel number notified as the use prohibition from the
base station host unit 35 in subsequent Step 48. If the channel
number (N) is larger (yes in Step 48), the WiFi communica-
tion unit 32 determines that the channel number (N) at that
time is included in the use prohibition channel width, and set
as the use prohibition (Step 49).

On the other hand, in Step 47, if the extracted channel
number (N) is larger than the number obtained by adding the
threshold value (X) to the channel number notified as the use
prohibition from the base station host unit 35 (no in Step 47),
or if the extracted channel number (N) is smaller than the
number obtained by subtracting the threshold value (X) from
the channel number notified as the use prohibition from the
base station host unit 35 (no in Step 48), it is determined that
the channel number (N) at that time is available.
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Then, the WiFi communication unit 32 adds 1 to the chan-
nel number (Step 50) if the number (N) obtained by adding 1
in the previous step exceeds the largest number of the channel
list 325 (yes in Step 51), the WiFi communication unit 32
saves the setting of the list assuming that processing on all of
the channels has been completed (Step 52). If the channel
number (N) does not exceed the largest number of the channel
list 326 (no in Step 51), the WiFi communication unit 32
repeats Step 47, Step 48, Step 49, and Step 50, and determines
whether all of the channels are included in the use prohibition
channel width, or not. Thus, in the channel list 325 of the WiFi
communication unit 32 in the base station 3, the channel
notified as the use prohibition, and the channels falling within
a range of the threshold value (X) from that channel are set as
the use prohibition, and updated every time there is a channel
newly notified as the use prohibition.

As described above, the use prohibition channel informa-
tion can be obtained from the distance to the adjacent base
station acquired through the DECT, and a transmission elec-
tric power of the WiFi communication unit 32 in the base
station 3 can be suppressed.

Second Embodiment

Subsequently, an example in which the power consump-
tion can be further suppressed in the terminal 4 will be
described.

As described above, the WiFi communication unit 42 of'the
terminal 4 does not operate when there is no need of the
communication, and maintains the doze state. Also, the
DECT communication unit 41 of the terminal 4 usually
receives all of the control signals from the base station 3, and
can treat with the reception/transmission. If possible, the
terminal 4 allows receiving of the control signal to periodi-
cally sleep even in the DECT communication, thereby being
capable of further suppressing the power consumption in the
terminal 4.

However, if the receiving of the DECT control signal
sleeps for a long time, a deviation (timing error) between the
transmission and reception timing of the terminal 4 and the
timing of the base station 3 becomes larger. Therefore, in
order that the terminal 4 surely receives the signals without
missing the WiFi beacon, there is a need to increase a size of
a reception time window for receiving the WiFi beacon as
large as the timing error can be absorbed. The effect of the
power consumption of the terminal 4 is vitiated as much.

According to this embodiment, in order that the base sta-
tion host unit 35 of the base station 3 regularly synchronizes
the timing of the WiFi communication unit 32 with the timing
of the DECT communication unit 31 within the same base
station 3, the base station 3 transmits the timing signal to the
WiFicommunication unit 32 ata DECT-Dummy prepared for
the control signal transmission of the DECT, and determines
the transmission timing of the WiFi beacon transmitted by the
WiFi communication unit 32. The DECT control signal is not
transmitted every time at the timing of the DECT-Dummy, but
the DECT control signal is transmitted from the base station
3 in a cycle which is an integral multiple of 10 ms. In order to
suppress the power consumption, the DECT communication
unit 41 of the terminal 4 conducts the receiving operation at a
timing when the base station 3 transmits the DECT control
signal.

In the example of FIG. 5, the base station 3 includes the
information indicating that the data addressed to the terminal
4 is held within the buffer in the control signal of the DECT.
At a time point when the terminal 4 is notified of information
indicative of this fact according to the control signal of the
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DECT, the WiFi communication unit 42 is rendered active.
However, data is actually transmitted from the base station 3
to the terminal 4 after the DTIM information has been trans-
mitted to the terminal 4 by the WiFi beacon indicating that the
data of the broadcast is present in the base station 3. The
terminal 4 can reception data from the base station 3 if the
terminal 4 can normally receive the DTIM information.
Therefore, there is no need to render the WiFi communication
unit 42 active immediately before the DTIM information is
transmitted. FIG. 13 illustrates an example in which the WiFi
communication unit 42 of the terminal 4 is activated at timing
when the DTIM information is transmitted.

FIG. 13 illustrates timing of the DECT-Dummy of the base
station 3, and transmission timing of the WiFi beacon of the
base station 3 in order from above. Also, a lower portion of
FIG. 13 illustrates timing when the terminal 4 receives the
DECT control signal from the base station 3, timing when the
terminal 4 receives the WiFi signal from the base station 3,
and timing when the terminal 4 transmits the WiFi signal to
the base station 3. The base station 3 transmits information on
the time difference AT to the WiFi beacon transmitted by the
WiFi communication unit 32, and information on the timing
when the DTIM information in the WiFi beacon is included,
together with the DECT control signal, to the terminal 4.

As illustrated in FIG. 13, the terminal 4 that has received
the DECT control signal from the DECT communication unit
31 ofthe base station 3 activates the WiFi communication unit
42 of the terminal 4 immediately before the timing when the
DTIM information is included, on the basis of the information
on the timing when the information on the time difference AT
and the DTIM information are included. That is, the DTIM
information means that the data scheduled to be transmitted
to the terminal 4 is present in the base station 3, and buffering
for transmission preparation has been completed, and the
terminal 4 can grasp the transmission timing of the WiFi
beacon transmitted together with the DTIM information by
the base station 3 on the basis of the time difference AT
received by the DECT control signal with high precision as
described above, and can activate the WiFi communication
unit 42 immediately before the timing of the WiFi beacon.
The terminal 4 that has known that the data scheduled to be
transmitted to the subject terminal 4 is present in the base
station 3 by the DTIM information of the WiFi beacon trans-
mits the PS-Poll to the base station 3.

Thus, in the example of FIG. 13, the WiFi communication
unit 42 of the terminal 4 maintains the doze state immediately
before the DTIM information is transmitted, and the base
station 3 is activated at the timing when the WiFi beacon
including the DTIM information therein is transmitted.
Therefore, the doze state of the terminal 4 can be lengthened,
and the power consumption of the terminal 4 can be reduced.

Third Embodiment

Inthe WiFi (IEEE 802.11 series), one base station must use
one channel in principle, and occupy the channel when the
base station is connected to a certain terminal. However, in
order to deal with a plurality of terminals, “access control
function” is defined as a mechanism for connecting a different
terminal according to time. In this function, the terminal
having data to be transmitted first transmits a signal of “RTS”
(request to send”) for requesting the permission of data trans-
mission. If the base station that has received the RTS signal is
in a free state (no connection with the other terminal), the base
station returns a signal “CTS” (clear to send) meaning that the
transmission of the data is permitted to the subject terminal.
The other terminal that has intercepted the RTS or CTR signal
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retains from transmitting electric waves for a given period.
Thus, the use ofthe RTS and CTS makes it possible to reduce
the collision of the signals.

FIG. 14 is a diagram illustrating the third embodiment of
the present invention, which is a diagram illustrating an
example of transmission timing of the respective signals in
the wireless communication system. When a reception period
of the terminal 4 is limited as in this embodiment, it is desir-
able that the terminal 4 receives the WiFi beacon (called
“beacon” in FIG. 14) transmitted by the base station 3 without
any jam. In this embodiment, the WiFi communication unit
32 of the base station 3 transmits the CTS signal before
transmitting the WiFibeacon. The respective terminals 4 that
has intercepted the CTR signal retains from transmitting elec-
tric waves for a given period (NAV (network allocation vec-
tor) illustrated in FIG. 14). The CTS signal is transmitted
according to the RTS signal output from the terminal 4, and
the transmission of the other terminal 4 is ceased by the CTS
signal, to thereby then prevent jam of the PS-Poll (power save
poll) to be transmitted from the terminal 4 to the base station
3 as illustrated in FIG. 14. In this embodiment, as illustrated
in FIG. 14, before transmitting the WiFi beacon, the base
station 3 transmits the CTS pretends to receive a request from
a certain (fanciful) terminal, thereby being capable of stop-
ping the transmission of the respective existing terminals 4 at
the timing of the WiFi beacon transmission, and preventing
the WiFi beacon from being jammed by the transmission
signal of the terminal 4.

The present invention has been described in detail and with
reference to the specified embodiments. However, it would be
apparent from a person skilled in the art that the present
invention can be variously changed or modified without
departing from the spirit and scope of the present invention.

The present application is based on Japanese Patent Appli-
cation No. 2010-251479 filed on Nov. 10, 2010, the contents
of which are incorporated herein by reference.

INDUSTRIAL APPLICABILITY

As described above, according to the present invention, in
the wireless communication system having the portable ter-
minal and a plurality of base stations that conducts a wireless
communication with the terminal, the DECT communication
unit and the WiFi communication unit are both provided in
each of the base stations, and the beacon transmission timing
of the Win communication unit in each base station is con-
trolled with the use of the control signal issued by the DECT
communication unit. As a result, each of the terminals can
shorten the receiving operation, and reduce the power con-
sumption.

REFERENCE SIGNS LIST

1: router

2: extension telephone

3a, 35, 3¢: base station

31: DECT communication unit
32: WiFi communication unit
35: base station host unit

4a, 4b: terminal

41: DECT communication unit
42: WiFi communication unit
45: terminal host unit
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The invention claimed is:
1. A wireless communication system comprising:
a base station; and
a terminal,
the system conducting a communication between the base
station and the terminal, wherein
the base station includes a first communication unit using a
first communication system of a TDMA system, and a
second communication unit using a second communica-
tion system which differs from the first communication
system,
the terminal includes a third communication unit using the
first communication system of the TDMA system, and a
fourth communication unit using the second communi-
cation system,
the base station transmits a control signal in the first com-
munication system with the use of the first communica-
tion unit,
the base station determines timing of transmission for the
second communication unit according to timing of
TDMA of the first communication unit,
the third communication unit of the terminal receives the
control signal transmitted from the base station in the
first communication system, and
the fourth communication unit of the terminal is activated
at timing when the fourth communication unit can
receive a second control signal transmitted by the second
communication unit of the base station according to
information included in the control signal transmitted in
the first communication system.
2. The wireless communication system according to claim
1, wherein
the second communication system is a wireless LAN using
a communication standard of IEEE 802.11 series, and
the second control signal is a beacon of the wireless LAN
transmitted by the base station.
3. The wireless communication system according to claim
2, wherein
the first communication unit of the base station transmits
the control signal with the use of a wireless frame syn-
chronizing signal created according to a self-timer, and
the second communication unit of the base station trans-
mits the beacon of the wireless LAN at timing obtained
by correction using the self-timer of the first communi-
cation unit.
4. The wireless communication system according to claim
1, wherein
the fourth communication unit of the terminal is activated
at timing when the fourth communication unit can
receive the second control signal, and stops an operation
of the fourth communication unit according to a signal
indicative of transmission complete transmitted by the
base station.
5. The wireless communication system according to claim
2, wherein when the second communication unit of the base
station holds data scheduled to be transmitted to the terminal,
the first communication unit transmits the control signal with
information and time information being included in the con-
trol signal, wherein the information indicates that the data
scheduled to be transmitted is held, and the time information
indicates at which a beacon for allowing the terminal that is a
destination of the data to receive the data is transmitted.
6. A wireless communication system comprising:
aplurality of base stations including a master base station,
and a slave base station, and a terminal,
the system conducting a communication among the plural-
ity of base stations, wherein
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each of the plurality of base stations includes a first com-
munication unit using a first communication system of a
TDMA system, and a second communication unit using
a second communication system which difters from the
first communication system,

the terminal includes a third communication unit using the

first communication system of the TDMA system, and a
fourth communication unit using the second communi-
cation system,

each of the plurality of base stations determines timing of

transmission of the second communication unit accord-
ing to timing of the TDMA of the first communication
unit,

the master base station in the plurality of base stations

transmits a control signal in the first communication
system,

the slave base station in the plurality of base stations con-

ducts a communication in the first communication sys-
tem in synchronization with the control signal,

the third communication unit of the terminal receives the

control signal transmitted from the master base station in
the first communication system, and

the fourth communication unit of the terminal controls

receiving operation according to information included
in the control signal transmitted in the first communica-
tion system.

7. The wireless communication system according to claim
6, wherein

the first communication unit of each of the plurality of base

stations detects a channel having a possibility of an
interference according to an electric field intensity of a
signal received from another surrounding base station,
and notifies the second communication unit of informa-
tion indicative of the channel, and

the second communication unit controls to prevent the

notified channel from being used.
8. The wireless communication system according to claim
6, wherein
the second communication system is a wireless LAN using
a communication standard of IEEE 802.11 series, and

the fourth communication unit of the terminal is activated
at timing when the fourth communication unit can
receive a beacon of the wireless LAN transmitted by one
of the plurality of base stations.

9. The wireless communication system according to claim
6, wherein the first communication unit of the slave base
station transmits the control signal with the use of a wireless
frame synchronizing signal subjected to a correction based on
the control signal from the master base station with the use of
a function of an air synchronization, and each of the plurality
of base stations transmits a beacon of the wireless LAN at
timing obtained by a correction according to the wireless
frame synchronizing signal.

10. A wireless communication device that operates as a
base station in a wireless communication system that con-
ducts a communication between the base station and a termi-
nal, the wireless communication device comprising:

a first communication unit that uses a first communication

system of a TDMA system; and

a second communication unit using a second communica-

tion system which differs from the first communication
system, wherein

the base station determines timing of transmission for the

second communication unit according to timing of
TDMA of the first communication unit,
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the first communication unit transmits a control signal in
the first communication system with use of a wireless
frame synchronizing signal created according to a self-
timer, and

the second communication unit transmits a second control

signal to the terminal at timing obtained by correction
using the self-timer of the first communication unit.

11. The wireless communication device according to claim
10, wherein

the second communication system is a wireless LAN using

a communication standard of IEEE 802.11 series, and
the second control signal is a beacon of the wireless LAN.

12. The wireless communication device according to claim
10, wherein when the second communication unit holds data
scheduled to be transmitted to the terminal, the first commu-
nication unit transmits the control signal with information
and time information being included in the control signal,
wherein the information indicates that the data scheduled to
be transmitted is held, and the time information indicates at
which a beacon for allowing the terminal that is a destination
of the data to receive the data is transmitted.

13. A wireless communication device that operates as a
terminal in a wireless communication system that conducts a
communication between a base station that operates as a
master and the terminal, the wireless communication device
comprising:

a third communication unit that uses a first communication

system of a TDMA system; and
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a fourth communication unit that uses a second communi-
cation system which differs from the first communica-
tion system, wherein

the third communication unit receives a control signal in
the first communication system transmitted from the
base station, and

the fourth communication unit is activated at timing when
the fourth communication unit can receive a second
control signal transmitted by a communication unit of
the base station using the second communication system
according to information included in the control signal
transmitted in the first communication system.

14. The wireless communication system according to
claim 13, wherein the fourth communication unit starts a
receiving operation with the use of the second communica-
tion system when information meaning that data addressed to
the fourth communication unit is scheduled to be transmitted
is included in the control signal transmitted in the first com-
munication system.

15. The wireless communication system according to
claim 13, wherein

the second communication system is a wireless LAN using
a communication standard of IEEE 802.11 series, and

the second control signal is a beacon of the wireless LAN
obtained by the information included in the control sig-
nal.



